Voluntary wheel running by animals is an activity that has been observed and recorded in great detail for almost a century. This review shows that it is performed, often with startling intensity and coordination, by a wide variety of wild, laboratory and domestic species with diverse evolutionary histories. However, despite the plethora of published studies on wheel running, there is considerable disagreement between many findings, thus leading to a lack of consensus on explanations of the causality and function. In the initial part of this review, I discuss the internal and external factors that may be involved in the causality of this behaviour, with an emphasis on disparities in both the factual and theoretical development of the subject. I then address the various proposed functions of wheel running, again highlighting evidence to the contrary. This leads to the conclusion that any single theory on the basis of wheel running is likely to be simplistic with little generality. I then present a novel, behaviour-based interpretation in which it is argued that wheel running has no directly analogous naturally occurring behaviour, it is (sometimes) performed for its own sake per se rather than as a redirected or substitute activity, and studies on motivation show that wheel running is self-reinforcing and perceived by animals as 'important'. This review proposes that wheel running may be an artefact of captive environments or of the running-wheel itself, possibly resulting from feedback dysfunction. I also discuss the ubiquity and intensity of its performance, along with its great plasticity and maladaptiveness, all indicating that if it is an artefact, it is nevertheless one of great interest to behavioural science.
V oluntary wheel running is perhaps the most widely reported behaviour performed by captive animals. It has enjoyed a prolonged history of scientific investigation since the earliest account by Stewart (1898) who examined the effects of diet, alcohol and barometric pressure on wheel running by wild rats, Rattus norvegicus. Although there have been many interpretations of why animals voluntarily use running-wheels and elegant discussions of the factors that influence its performance, during the century that has elapsed since that original paper, a cohesive, unifying theory of why it occurs has remained elusive. In 1986, Hill et al. wrote 'No empirically substantiated account of the biological significance of this behavior is available', and as recently as 1990, Collier et al. stated 'Spontaneous activity in running wheels is a robust phenomenon . . . but attempts to account for its function in either the animal's physiological or behavioural economies have been unsuccessful'. It seems timely, then, to re-examine the vast literature on voluntary wheel running.
The myriad of hypotheses on the causality and function of wheel running might easily lead to the conclusion that studies using this apparatus are an indispensable tool that is singly the most informative behavioural test an animal scientist might perform. It has been suggested that wheel running indicates, inter alia, general activity, exploration, migration, stereotypic activity, escape, play, level of deprivation (food, water, conspecifics, etc.), social rank, hormonal status, adrenal activity, body weight maintenance and parturition. The suggested motivations of wheel running are clearly heterogeneous in their source of origin. However, despite the substantial effort devoted to the study of this activity and the widespread reporting of seemingly incontrovertible findings, there is little consensus on why it occurs at all, nor agreement on the multitude of factors that purportedly influence its expression. Conclusions drawn by researchers are often in abject disagreement, despite attempts to control for variability between and within studies. It would seem, therefore, that a 'correct' understanding of the causality and function of wheel running has yet to be reached. In this review, I have tried to present a balanced account of evidence that supports and opposes the various theories of the causality and functions of wheel running. This
